

SPECIFICATION 



LAMINATED BANDPASS FILTER, HIGH FREQUENCY RADIO DEVICE 
AND LAMINATED BANDPASS FILTER MANUFACTURING METHOD 



Technical Field 

The present invention relates to a laminatedbandpass 
filter which is mainly mounted in a high frequency radio 
device such as a cellular phone, high frequency radio 
device and laminated bandpass filter manufacturing 
method. 

Background Art 

With miniaturization of communication equipment, 
a laminated bandpass filter is used in an RF circuit of 
a cellular phone, etc. in recent years. With reference 
to the attached drawings, an example of the 
above-described conventional bandpass filter will be 
explained . 

FIG. 7 shows an exploded perspective view of a 
conventional laminatedbandpass filter and FIG. 8 shows 
an equivalent circuit diagram of the conventional 
laminated bandpass filter. 

As shown in FIG. 7, the laminated bandpass filter 
is constructed of dielectric layer 701 to dielectric layer 
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710 laminated one atop another. An internal grounding 
electrode ^Tljis placed on the dielectric layer 701 and 
capacitor electrodes 712 and 713 are placed on the 
dielectric layer 702. 

Furthermore, strip lines 714 and 715 are placed on 
the dielectric layer 703 and strip lines 716 and 717 are 
placed on the dielectric layer 704 and strip lines 718 
and 719 are placed on the dielectric layer 705 . Capacitor 
electrodes 720 and 721 are placed on the dielectric layers 
706 and 707 respectively and capacitor electrodes 722 
and 723 are placed on the dielectric layer 708 , and 
capacitor electrodes 724 and 725 are placed on the 
dielectric layer 709. 

The capacitor electrode 712 , one end 718a of the 
strip line 718 and the capacitor electrode 721 are 
connected to the capacitor electrode 722 via a via hole 

726 and the capacitor electrode 713, one end 719a of the 
strip line 719 and the capacitor electrode 720 are 
connected to the capacitor electrode 723 via a via hole 

727 . 

Furthermore, the other end 718b of the strip line 
718 is connected to one end 716a of the strip line 716 
via a via hole 728 and the other end 719b of the strip 
line 719 is connected to one end 717a of the strip line 
717 via a via hole 729. 
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Furthermore, the other end 716b of the strip line 
716 is connected to one end 714a of the strip line 714 
via a via hole 730 and the other end 717b of the strip 
line 717 is connected to one end 715a of the strip line 

715 via a via hole 731 . The internal grounding electrode 
711 and strip lines 714 and 715 are connected to a grounding 
electrode 732 formed on the side of the laminated 
electronic part and the capacitor electrodes 724 and 725 
are connected to an input electrode 733 and an output 
electrode 734 respectively. 

An operation of the conventional laminated bandpass 
filter will be explained shortly using FIG. 7 and FIG. 
8. A capacitor C81 is formed between the capacitor 
electrode 724 and the capacitor electrode 722 and a 
capacitor C82 is formed between the capacitor electrode 
725 and the capacitor electrode 723. 

Furthermore, a capacitor C83 is formed between the 
capacitor electrode 721 and the capacitor electrode 720 . 
Further, capacitors C84 and C85 are formed between the 
capacitor electrodes 712 and 713 and the internal 
grounding electrode 711 respectively. 

An inductor L81 is formed of the strip lines 718, 

716 and 714 and an inductor L82 is formed of the strip 
lines 719, 717 and 715. The capacitor C81 is connected 
to the input electrode 733 and the capacitor C82 is 
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connected to the output electrode 734. The capacitor 
C84 and inductor L81 are connected in parallel with the 
capacitor C81, the capacitor C83 are connected in series 
to the capacitor C81, the capacitor C85 and inductor L82 
are connected in parallel with the capacitor C82 , and 
the capacitor C83 is connected in series to the capacitor 
C82, and thereby a two-stage bandpass filter is formed. 

Disclosure of the Invention 

However, in the above-described configuration, 
strip lines exist on multiple layers and resistance 
components in inductors increase , which reduces a Q value , 
causing a problem that it is impossible to implement a 
low loss and sharp bandpass filter used for the RF circuit 
section. Furthermore, since the strip lines are 
constructed on multiple layers, there is also a problem 
that it is difficult to implement a small and low-profile 
laminated ,body. 

In view of the above-described problems, it is an 
object of the present invention to provide a small, 
low-profile and low loss laminated bandpass filter, a 
high frequency radio device that will realize 
miniaturization by mounting this laminated bandpass 
filter and a laminated bandpass filter manufacturing 
method. 



10089023 .OeOSOS 



- 5 - 



The 1st invention of the pre sent jjg^ e»^rari 
(correspon din^ fco^^g^fTrry' is a laminated bandpass filter 
£0ff$J^ising: 

an input electrode, output electrode and grounding 
electrode placed on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 

an internal grounding electrode provided in an 
internal layer of said laminated body and connected to 
said grounding electrode; 

a plurality of capacitor electrodes including at 
least a first and second capacitor electrodes; and 

a plurality of strip lines including at least a first 
and second strip lines, 

wherein said first and second capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first and second strip lines, respectively, 

the other ends of said first and second strip lines 
are electrically connected to the grounding electrode, 
and 

said first and second strip lines are placed on said 
same dielectric sheet in a certain distance and thereby 
electromagnetically coupled within the same layer. 

* invention of the present invention 



(corresponding to claim 2) is the laminated Dani: 
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filter according to the ^pt invent ion^jwherei^3«*ff^Tr st 
^tixjj 1 rrr^aTa^e^the same length and width. 



The 3rd invention of the present Irvv^^^n 
(corresponding to claim 3) ist^faminated bandpass 
filter according to t^fst or 2nd invention, wherein 
said f irstg s ^d ::::: iecond strip lines are placed in parallel 
wii^each other . 

The 4th invention of the present ii 
(corresponding to claim 4) is Jt^^laminated bandpass 
filter according to anyj^of the 1st to 3rd inventions, 
wherein said f xr^^id second strip lines are electrically 
connect^#Eo said internal grounding electrode via a via 



The 5th invention of the presentigL^efftion 
(corresponding to claim 5 )L^€^e laminated bandpass 
filter accordino^^fny one of 1st to 4th inventions, 
wherein^fffysaid first and second strip lines are placed 
gs €n said dielectric sheet. 

The 6th invention of thj^ojyy^ 
(correspondi^te^taimi 5) is a laminated bandpass filter 
c^frtfxfising: 

an input electrode, output electrode and grounding 
electrode placed on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 
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an internal grounding electrode provided in an 
internal layer of said laminated body and connected to 
said grounding electrode; 

a plurality of capacitor electrodes including at 
least a first and second capacitor electrodes; and 

a plurality of strip lines including at least a first 
and second strip lines, 

wherein said first and second capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first and second strip lines, respectively, 

the other ends of said first and second strip lines 
are electrically connected to the grounding electrode, 
and 

said first strip line is placed on a first dielectric 
sheet and said second strip line is placed on a second 
dielectric sheet, and said second dielectric sheet is 
placed directly below said first dielectric sheet and 
said first and second strip lines are electromagnetically 
coupled. 

jaad^ 7 th invention of the present invention 
(corresponding tn ?^gR fc2J^ is t he laminated bandpass 
filter according to the 6th invention , Wg^^a^said first 
and second strip lines have the same length, widthc?***^ 
— po Q ' i " twLoja »«« wdj 4:> h - ln th o — p « LajaC' . ■ 
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The 8th invention of the present ip^ention 
(corresponding to claim 8) is t^e^aminated bandpass 
filter according to th^?€h or 7th invention, wherein 
said first and^w*£ond strip lines are electrically 
connect^fo said internal grounding electrode via a via 



Apt- 



The 9th invention of the present invention (corrt 
to claim 9) is the laminated^^fSss filter according 
to any one o^^" 1st to 8th inventions, further 
ising : 

a third capacitor electrode connected to said input 
electrode ; 

a fourth capacitor electrode connected to said output 
electrode ; 

a fifth capacitor electrode capacitatively coupled 
with said third capacitor electrode; and 

a sixth capacitor electrode capacitatively coupled 
with said fourth capacitor electrode, 

wherein capacitative coupling of an area where said 
third capacitor electrode and said sixth capacitor 
electrode overlap each other in the lamination direction 
forms a jump capacitance. 

invention of the present invention 
{corresponding to clainTI^QA ^ajs the l aminated bandpass 
filter according to any one of the 1st to gtnSff^aifei^ 
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wherein capacitative coupUng of an area where sa^dj&eia^feh 

capacitor electrode an^fe^ electrode 

^^^^^^^ 

overlap each o^af^^ / tpe lamination direction forms a 

The 11th invention of the present invention 
(corresponding to claim 11) is the lamj^ted bandpass 
filter according to any one of the l^to 10th invention, 
wherein with respect to said abounding electrode, an 
electrode pattern of at leas/one of said first and second 
capacitor electrodes i^JJ^aminated , an electrode pattern 
of at least one of sjffiOi first and second strip lines is 
laminated on a laPr|/super ior thereto, and an electrode 
pattern of ayleast one of the capacitor electrode 
connected^ said input electrode and the capacitor 
elecj^bde connected to said output electrode is laminated 
a layer superior to said layer. 

The 12th invention of the present invent: 
(corresponding to claim 12) is the lamin^ffed bandpass 
filter according to any one of the ls^€b 10th inventions , 
wherein all electrode pal^^r^^ constituting the 
capacitor electrod^^fiT^dfted to said input electrode 
and the capaci^r electrode connected to said output 
electrodj^Cs an input/output capacitance are provided 
on a^fayer superior to the layer constituting said strip 
.nes . 
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^ntion , 



The 13th invention of the present invention is^ 
aminated bandpass filter according to the 9th : 
wherein with respect to said groundin^aectrode , an 
electrode pattern of at least one o^^d first and second 
capacitor electrodes is lami,gj^ed, an electrode pattern 
of at least one of saL^irst and second strip lines is 
laminated on aL^er superior thereto, and an electrode 
patteri^^t least one of said third to sixth capacitor 
^^trodes is laminated on a layer superior to said layer . 

The 14th invention of the presen^^ws^^^OT 
(corresponding to claim 14) i^^ffe laminated bandpass 
filter according to th^^iinvention , wherein said third 
to sixth capa^L^or electrodes are provided on a layer 
s^ag^f^or to the layer constituting said strip lines. 

The 15th invention o f the^p^i^ ga ait^ 
(correso ondin^ ^gTaim 15) is a laminated bandpass filter 
c^fflprising : 

an input electrode, output electrode and grounding 
electrode placed on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 

an internal grounding electrode provided in an 
internal layer of said laminated body and connected to 
said grounding electrode; 

a plurality of capacitor electrodes including at 
least a first to fourth capacitor electrodes; and 
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' a plurality of strip lines including at least first 
to fourth strip lines, 

wherein said first to fourth capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first to fourth strip lines, respectively, 

the other ends of said first to fourth strip lines 
are electrically connected to the grounding electrode, 
and 

said first and second strip lines are placed on said 
first dielectric sheet in a certain distance, said first 
and second strip lines are electromagnetically coupled 
within the same layer, said third and fourth strip lines 
are placed on the second dielectric sheet in a certain 
distance, said ttTird and fourth strip lines are 
electromagnetically coupled within the same layer, said 
second dielectric sheet is placed directly below said 
first dielectric sheet and said first and third strip 
lines and said second and fourth strip lines are 
electromagnetically coupled respectively. 

*¥fa«fiO 6th invention of the present invention 
fcorrespondinu L^^askaam 16) is the laminated bandpass 
filter according to the 15th inve^fra^n, wherein said first 
to fourth strip lines have the same leng^fe^nd width, 
said first and third strip lines have the same pos^4^n 
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within the plane and s 
have th^_j5a mfi pos_it4 



second and fourth st_rjL 




res 





the plane. 

The 17th invention of the present inverj^ion 
(corresponding to claim 17) is thejsatffinated bandpass 
filter according to the^5th^£^"^th invention, wherein 
said first and secon^i^p^ip'lines are placed in parallel 
with each^feffgr and^said third and fourth strip lines 
placed in parallel with each other. 

andpass 

filter according to any one o^he 15th to 1 7th inventions , 
wherein said firstt^fourth strip lines are connected 
to said internal aroundina electrode via a via hole 




laminated bandpass 
f il ter a rr : rd i QfF^c a ny c ne of \ he 1 L f b to L8th inventions , 
f ux^fi^r comp] 

a fifth capacitor electrode connected to said input 
electrode ; 

a sixth capacitor electrode connected to said output 
electrode ; 

said seventh capacitor electrode capacitatively 
coupled with said fifth capacitor electrode; and 

'said eighth capacitor electrode capacitatively 
coupled with said sixth capacitor electrode, 
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wherein capacitative coupling of an area where said 
fifth capacitor electrode and said eighth capacitor 
electrode overlap each other in the lamination direction 
forms a jump capacitance. 

The 20th invention of the present i^ention 
(corresponding to claim 20) is the J^minated bandpass 
filter according to any one^f t£^f5th to 19th inventions , 
wherein capacitative c^j^pTing of an area where said sixth 
capacitor elected and said seventh capacitor electrode 
overlap e^fT other in the lamination direction forms a 
jipa^T capacitance . 

The 21st invention of the present invention 
(corresponding to claim 21) is the laminated bandpass 
filter according to any one of the L^E to the 20th 
inventions, wherein said dielec^lc sheet is made up of 
a crystal phase and a dffijas^phase, said crystal phase 
includes at least onej^f Al 2 0 3 , MgO , Si0 3 and RO a where 
R is at least on^element selected from La, Ce r Pr, Nd, 
Sm and G^^Tnd a is a numerical value determined 
s^ichiometrically according to the valence of said R. 

The 22nd invention of the presentj.ga^ei^x^ 
(corresponding to claim 22^^;;-^ filter , 

said laminata^b^incorporating the bandpass filter 
acp*3^Sing to any one of the 1st to* 21st inventions and 
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o any one of the 1st to 

21st-^¥^§ntions . 

The 23rd invention of the present invention 
(corresponding to claim 23) is a compog^e high frequency 
device, wherein said ±zfl%&&g€& body incorporates the 
bandpass f ilt^^c'Sor^fig to any one of the 1st to the 
inventions and another high frequency circuit 
The 24th invention of the present ^invenj 
(corresponding to claim 24)^is a comgg^i high frequency 
device, wherein electr^l^'parts are mounted on said 

aminated ba^^fnc or plating the bandpass filter 
acceding to any one of the 1st to 21st inventions 

The 25th invention of the preservtig3£§^^t>n 
(corresponding to- claim 2J^o^^igh frequency device, 
aracterized by^^fipr^s^rig the laminated bandpass 
r'according to any one of the 1st to 24th inventions 
The 26th invention of the present, 
(correspondingtojil^^ filter 
uring method comprising the steps of: 
forming an input electrode, output electrode and 
grounding electrode on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 

forming an internal grounding electrode in an 
internal layer of said laminated body connected to said 
grounding electrode ; 
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forming a plurality of capacitor electrodes 
including at least a first and second capacitor 
electrodes; and 

forming a plurality of strip lines. including at least 
a first and second strip lines, 

wherein said first and second capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first and second strip lines, respectively, 

the other ends of said first and second strip lines 
are electrically connected to the grounding electrode, 
and 

said first and second strip lines are placed on said 
same dielectric sheet in a certain distance and thereby 
electromagnetically coupled within the same layer. 

The 27th invention*^ the present invaaJrt^Tr 
(corresponding to c LaAfo*fe'a''laminated bandpas s filter 
rng^HP^S^uring method comprising the steps of: 

forming an input electrode, output electrode and 
grounding electrode on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 

forming an internal grounding electrode in an 
internal layer of said laminated body connected to said 
grounding electrode; 
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forming a plurality of capacitor electrodes 
including at least a first and second capacitor 
electrodes; and 

forming a plurality of strip lines including at least 
a first and second strip lines, 

wherein said first and second capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first and second strip lines, respectively, 

the other ends of said first and second strip lines 
are electrically connected to the grounding electrode, 
and 

said first strip line is placed on a first dielectric 
sheet , 

said second strip line is placed on a second 
dielectric sheet, and 

said second dielectric sheet is placeddirectly below 
said first dielectric sheet and thereby said first and 
second strip liens are electromagnetically coupled. 

The 28th invention o^ithe present ixiaetfaon 




(corresponding to c laim Z ^ fe^"Taminated bandpass filter 
manu^ttiring method comprising the steps of: 

forming an input electrode, output electrode and 
grounding electrode on an end face of a laminated body 
integrating a plurality of laminated dielectric sheets; 
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forming an internal grounding electrode in an 
internal layer of said laminated body connected to said 
grounding electrode ; 

forming a plurality of capacitor electrodes 
including at least a first to fourth capacitor electrodes ; 
and 

forming a plurality of strip lines including at least 
first to fourth strip lines, 

wherein said first to fourth capacitor electrodes 
are capacitatively coupled with said internal grounding 
electrode and electrically connected to one ends of said 
first to fourth strip lines, respectively, 

the other ends of said first to fourth strip lines 
are electrically connected to the grounding electrode, 
and 

said first and second strip lines are placed on said 
first dielectric sheet in a certain distance, said first 
and second strip lines are electromagnetically coupled 
within the same layer, 

said third and fourth strip lines are placed on said 
second dielectric sheet in a certain distance , said third 
and fourth strip lines are electromagnetically coupled 
within the same layer, 

said second dielectric sheet is placed directly below 
said first dielectric sheet and said first and third strip 



±0 000023 .08060S 



- 18 - 

lines and said second and fourth strip lines are 
electromagnetically coupled respectively. 

Brief Description of the Drawings 

FIG . 1 is an exploded perspective view of a laminated 
bandpass filter according to Embodiment 1 of the present 
invention; 

FIG. 2 is an equivalent circuit diagram of the 
laminated bandpass filter according to Embodiment 1 of 
the present invention; 

FIG. 3 is an exploded perspective view of a laminated 
bandpass filter according to Embodiment 2 of the present 
invention ; 

FIG. 4 is an equivalent circuit diagram of the 
laminated bandpass filter according to Embodiment 2 of 
the present invention; 

FIG . 5 is an exploded perspective view of a laminated 
bandpass filter according to Embodiment 3 of the present 
invention ; 

FIG. 6 is an equivalent circuit diagram of the 
laminated bandpass filter according to Embodiment 3 of 
the present invention; 

FIG. 7 is an exploded perspective view of a 
conventional laminated bandpass filter; 
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FIG. 8 is an equivalent circuit diagram of the 
conventional laminated bandpass filter; 

FIG. 9 is an exploded perspective view of a laminated 
bandpass filter according to Embodiment 4 of the present 
invention; 

FIG. 10 is ah exploded per spective view of a laminated 
bandpass filter according to Embodiment 5 of the present 
invention; 

FIG. 11 is another example of an exploded perspective 
view of the laminated bandpass filter according to 
Embodiment 5 of the present invention; and 

FIG. 12 is a schematic view of a section of the 
laminated bandpass filter according to Embodiment 2 of 
the present invention. 

(Description of Symbols) 

107 Grounding electrode 

108 Input electrode 

109 Output electrode 

110 Internal grounding electrode 

lll f 112, 115, 116, 117, 118 Capacitor electrode 
113, 114 Strip line 

Best Mode for Carrying Out the Invention 
(Embodiment 1) 
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The laminated bandpass filter of the present 
invention is mainly suitable for an RF circuit of a high 
frequency radio device such as a cellular phone. 
Embodiments of the laminated bandpass filter of the 
present invention will be explained with reference to 
the attached drawings below. 
(Embodiment 1) 

With reference now to the attached drawings, the 
laminated bandpass filter and the manufacturing method 
thereof according to Embodiment 1 of the present invention 
will be explained below. 

FIG. 1 is an exploded perspective view of the 
laminated bandpass filter according to Embodiment 1 of 
the present invention . As shown in FIG . 1 , the laminated 
bandpass filter of this embodiment consists of dielectric 
layer 101 to dielectric layer 106 laminated one atop 
another and the laminated body has dimensions of 3 . 0 mm 
x 3 . 0 mm and a height of 0.8 mm. 

Each dielectric layer is a dielectric sheet made 
of a crystal phase and glass phase having a specific 
inductive capacity e r = 7 , the crystal phase being made 
of Mg 2 Si0 4 and the glass phase being made of a Si-Ba-La-B-0 
base. On the sides of the laminated body, a grounding 
electrode 107 , input electrode 108 and output electrode 
109 are formed. 
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An internal grounding electrode 110 is placed on 
the dielectric layer 101 and connected to the grounding 
electrode 107. The dielectric layer 102 has capacitor 
electrodes 111 and 112, and the dielectric layer 103 has 
strip lines 113 and 114. 

Furthermore, the dielectric layer 104 has capacitor 
electrodes 115 and 116, and the dielectric layer 105 has 
capacitor electrodes 117 and 118. 

Furthermore, the capacitor electrode 117 is 
connected to the input electrode 108 and the capacitor 
electrode 118 is connected to the output electrode 109. 

The capacitor electrode 115 is connected to one end 
113a of the strip line 113 and the capacitor electrode 
111 via a via hole 119 and the capacitor electrode 116 
is connected to one end 114a of the strip line 114 and 
the capacitor electrode 112 via a via hole 120. 

Furthermore, the other end 113b of the strip line 
113 and the other end 114b of the strip line 114 are 
connected to the internal grounding electrode 110 via 
a via hole 121 and via hole 122 respectively. 

An operation of the laminated bandpass filter 
configured as shown above will be explained using FIG. 
1 and FIG. 2 below. 

First, FIG. 2 shows an equivalent circuit diagram 
of the laminated bandpass filter shown in FIG. 1 and the 
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elements that correspond to those in FIG. 1 are assigned 
the same reference numerals as those in FIG. 1. A 
capacitor CI is formed between the capacitor electrode 
117 and capacitor electrode 115 and a capacitor C2 is 
formed between the capacitor electrode 118 and capacitor 
electrode 116. 

Furthermore, a capacitor C3 is formed between the 
capacitor electrode 111 and the internal grounding 
electrode 110 and a capacitor C4 is formed between the 
capacitor electrode 112 and the internal grounding 
electrode 110. Inductors LI and L2 are formed of the 
strip lines 113 and 114 respectively. The CI is connected 
to the input electrode 108 and the C2 is connected to 
the output electrode 109. 

Furthermore, the Ll and C3 are connected in parallel 
with the CI and the L2 and C4 are connected in parallel 
with the C2 and thereby a two-stage bandpass filter is 
formed . 

Here, the strip lines 113 and 114 formed on the 
dielectric layer 103 have the same length and width and 
placed on the plane symmetrically with respect to the 
center line. Therefore, a mutual inductor Ml acts 
between the Ll and L2 . 

This makes it possible to omit a capacitance element 
between resonators which would be necessary for the 
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conventional configuration and make the laminated body 
low profile. 

Furthermore, by changing the sizes of the capacitor 
electrodes 111 and 112 that form the capacitors C3 and 
C4 respectively according to the frequency of the 
resonator, it is possible to provide a low loss laminated 
bandpass filter for various frequencies without the need 
to change the lengths and widths, etc. of the strip lines 
113 and 114. 

As shown above , Embodiment 1 of the present invention 
makes it possible to construct a resonator with shorter 
strip lines than the conventional laminated bandpass 
filter, which allows high Q for the resonator even with 
a dielectric material with low material Q. 

This makes it possible to design a laminated bandpass 
filter with insertion loss as low as about 1.5 dB required 
for an RF circuit section of a high frequency radio device 
such as a cellular phone. 

Placing strip lines in parallel with each other 
produces electromagnetic coupling and thereby renders 
a capacitor between resonators unnecessary, which 
provides a low-profile laminated body. 

Embodiment 1 of the present invention has described 
an example of a laminated bandpass filter in a two-stage 
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configuration, but this configuration also has the same 
effects with a bandpass filter with three or more stages . 
(Embodiment 2) 

A laminated bandpass filter andmanuf acturing method 
thereof according to Embodiment 2 of the present invention 
will be explained with reference to the attached drawings 
below. 

FIG. 3 is an exploded perspective view of the 
laminated bandpass filter according to Embodiment 2 of 
the present invention . As shown in FIG . 3 , the laminated 
bandpass filter of this embodiment consists of dielectric 
layer 301 to dielectric layer 306 laminated one atop 
another and the laminated body has dimensions of 3 . 0 mm 
x 3 . 0 mm and a height of 0.8 mm. 

A grounding electrode 307, an input electrode 308 
and output electrode 309 are formed on the sides of the 
laminated body. Each dielectric layer is a dielectric 
sheet made of a crystal phase and glass phase having a 
specific inductive capacity e r = 7 , the crystal phase 
being made of Mg 2 Si0 4 and the glass phase being made of 
a Si-Ba-La-B-0 base. 

An internal grounding electrode 310 is placed on 
the dielectric layer 301 and connected to the grounding 
electrode 307. The dielectric layer 302 has capacitor 
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electrodes 311 and 312, and the dielectric layer 303 has 
strip lines 313 and 314. 

Furthermore, the dielectric layer 304 has capacitor 
electrodes 315 and 316 and the dielectric layer 305 has 
capacitor electrodes 317 and 318. Furthermore, the 
capacitor electrode 317 is connected to the input 
electrode 308 and the capacitor electrode 318 is connected 
to the output electrode 309. 

The capacitor electrode 315 is connected to one end 
313a of the strip line 313 and the capacitor electrode 
311 via a via hole 319 and the capacitor electrode 316 
is connected to one end 314a of the strip line 314 and 
the capacitor electrode 312 via a via hole 320. 

Furthermore, the other end 313b of the strip line 
313 and the other end 314b of the strip line 314 are 
connected to the internal grounding electrode 310 via 
a via hole 321 and via hole 322 respectively. 

FIG. 12 shows a schematic view of a section of the 
laminated bandpass filter according to this embodiment. 

An operation of the laminated bandpass filter 
configured as shown above will be explained using FIG. 
3 and FIG. 4 below. 

First, FIG. 4 shows an equivalent circuit diagram 
of the laminated bandpass filter shown in FIG. 3 and the 
elements that correspond to those in FIG. 3 are assigned 
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the same reference numerals as those in FIG. 3. A 
capacitor C31 is formed between the capacitor electrode 
317 and capacitor electrode 315 and a capacitor C32 is 
formed between the capacitor electrode 318 and capacitor 
electrode 316. 

Furthermore, a capacitor C33 is formed between the 
capacitor electrode 311 and the internal grounding 
electrode 310 and a capacitor C34 is formed between the 
capacitor electrode 312 and the internal grounding 
electrode 310. 

Furthermore, a jump capacitor C35 is formed of an 
overlapping area between the capacitor electrode 317 and 
capacitor electrode 316. Inductors L31 and L32 are 
formed of the strip lines 313 and 314 respectively. The 
C31 is connected to the input electrode 308 and the C32 
is connected to the output electrode 309. 

Furthermore, the L31 and C33 are connected in 
parallel with the C31 and the L32 and C34 are connected 
in parallel with the C32. Furthermore, the jump 
capacitor C35 is connected to the input electrode 308 
and C32 , and in this way a two-stage bandpass filter with 
poles is formed. 

As shown above, unlike Embodiment 1 of the present 
invention, Embodiment 2 of the present invention makes 
it possible to provide poles on the high frequency side 
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rather than on the passing band side by forming the jump 
capacitor C35 between the capacitor electrode 317 and 
the capacitor electrode 316 without changing the size 
of the laminated body. 

Thus, by changing the size of the overlapping area 
between the capacitor electrode 317 and capacitor 
electrode 316 in various ways , this embodiment can change 
the positions of poles to the high frequency side and 
improve the attenuation characteristic. 

Furthermore, it is also possible to construct a 
resonator with strip lines shorter than the conventional 
laminated bandpass filter as in the case of Embodiment 
1 of the present invention, which provides a high Q 
resonator . 

Therefore, this makes it possible to design a 
laminated bandpass filter with low insertion loss 
required for an RF circuit section of a high frequency 
radio device such as a cellular phone. 

Furthermore, placing strip lines in parallel with 
each other produces electromagnetic coupling and thereby 
renders a capacitor between resonators unnecessary, 
which provides a low-profile laminated body. 

Embodiment 2 of the present invention has described 
an example of a laminated bandpass filter with poles in 
a two-stage configuration, but this configuration has 
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the same effects with a laminated bandpass filter with 
three or more stages. 

Furthermore, as Embodiment 2 of the present invention, 
by forming a grounding electrode in the lamination 
direction, capacitor electrodes which form capacitance 
with the grounding electrode, strip lines and at least 
one capacitor electrode that constitutes an input/output 
capacitance in that order, it is possible to place an 
electrode pattern that constitutes an input/output 
capacitance, etc. on a layer sufficiently separated in 
the lamination direction from the strip lines that form 
the resonator. 

As a result, this eliminates coupling between the 
strip lines and other electrode patterns, making it < 
possible to form strip lines with a high Q value. This 
provides a high Q resonator and a lower loss bandpass 
filter. 

(Embodiment 3) 

A laminated bandpass filter andmanuf acturingmethod 
thereof according to Embodiment 3 of the present invention 
will be explained with reference to the attached drawings 
below . 

FIG. 5 is an exploded perspective view of the 
laminated bandpass filter according to Embodiment 3 of 
the present invention. 
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As shown in FIG . 5, the laminated bandpass filter 
of this embodiment consists of dielectric layer 501 to 
dielectric layer 509 laminated one atop another and the 
laminated body has dimensions of3.0mmx3.0mm and a 
height of 0 . 8 mm. 

Each dielectric layer is a dielectric sheet made 
of a crystal phase and glass phase having a specific 
inductive capacity e r = 7 , the crystal phase being made 
of Mg 2 Si0 4 and the glass phase being made of a Si-Ba-La-B-0 
base. A grounding electrode 510, an input electrode 511 
and an output electrode 512 are formed on the sides of 
the laminated body. 

An internal grounding electrode 513 is placed on 
the dielectric layer 501 and connected to the grounding 
electrode 510. The dielectric layer 502 has capacitor 
electrodes 514 and 515, the dielectric layer 503 has 
capacitor electrodes 516 and 517 , and the dielectric layer 
504 has capacitor electrodes 518 and 519. 

Furthermore, + di ^ ectric laver SO^Jxa.s^riaog'^nTe^'' 
520 and 521, and the dieleaft^^yer 506 has strip lines 
522 and 523. The di^^Sic layer 507 has capacitor 
electrodes 524^rfd 525 and the dielectric layer 507 has 
an inter^9^rounding electrode 52 6 and connected to the 
a^monding electrode 510. 
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Furthermore, the capacitor electrode 516 is 
connected to the input electrode 511 and the capacitor 
electrode 517 is connected to the output electrode 512. 
The capacitor electrode 518 is connected to one end 520a 
of the strip line 520 and the capacitor electrode 514 
via a via hole 527 and the capacitor electrode 518 is 
connected to one end 521a of the strip line 521 and the 
capacitor electrode 515 via a via hole 528. 

Furthermore, the other end 520b of the strip line 
520 and the other end 521b of the strip line 521 are 
connected to the -internal grounding electrode 513 via 
a via hole 529 and via hole 530 respectively. 

Furthermore, one end 522a of the strip line 522 is 
connected to the capacitor electrode 524 via a via hole 

531 and the other end 522b is connected to the internal 
grounding electrode 526 via a via hole 533. 

Furthermore, one end 523a of the strip line 523 is 
connected to the capacitor electrode 525 via a via hole 

532 and the other end 523b is connected to the internal 
grounding electrode 526 via a via hole 534. 

An operation of the laminated bandpass filter 
configured as shown above will be explained using FIG. 
5 and FIG. 6 below. 

First, FIG. 6 shows an equivalent circuit diagram 
of the laminated bandpass filter shown in FIG. 5 and the 
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elements that correspond to those in FIG. 5 are assigned 
the same reference numerals as those in FIG. 5. 

A capacitor C51 is formed between the capacitor 
electrode 516 and capacitor electrode 518 and a capacitor 
C52 is formed between the capacitor electrode 517 and 
capacitor electrode 519. 

A capacitor C53 is formed between the capacitor 
electrode 514 and the internal grounding electrode 513 
and a capacitor C54 is formed between the capacitor 
electrode 515 and the internal grounding electrode 513. 

Furthermore, a capacitor C55 is formed between the 
capacitor electrode 524 and the internal grounding 
electrode 526 and a capacitor C56 is formed between the 
capacitor electrode 525 and the internal grounding 
electrode 526. 

Furthermore, a capacitor C57 is formed of an 
overlapping area between the strip line 520 and strip 
line 522 and a capacitor C58 is formed of an overlapping 
area between the strip line 521 and strip line 523. 

Inductors L51, L52, L53 and L54 are formed of the 
strip lines 520, 521 , 522 and 523. The C51 is connected 
to the input electrode 511 and the C52 is connected to 
the output electrode 512. 

Furthermore, the L51 and C53 are connected in 
parallel with the C51 and C57 is connected in series to 
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the C51. Furthermore, the L52 and C54 are connected in 
parallel with the C52 and C58 is connected in series to 
the C52. 

Furthermore, the L53 and C55 are connected in 
parallel with the C57 and the L54 and C56 are connected 
in parallel with the C58 , thereby forming a 4-stage 
bandpass filter. 

Here, the strip lines 520 and 521 placed on the 
dielectric layer 505 and the strip lines 522 and 523 placed 
on the dielectric layer 506 have the same length and width 
and placed on the planes in the respective layers 
symmetrically with respect to the center line. 

Therefore, a mutual inductor M51 acts between the' 
' L51 and L52 and a mutual inductor M52 acts between the 
L53 and L54. This makes it possible to omit a capacitor 
element between resonators which would be required for 
the conventional configuration and make the laminated 
body low-profile. 

Thus, unlike Embodiment 1, Embodiment 3 of the 
present invention provides a bandpass filter in a 4-stage 
configuration. This makes it possible to obtain a 
sharper characteristic and improve insertion loss and 
attenuation characteristics . 

Furthermore, since it is possible to construct a 
resonator with shorter strip lines than the conventional 
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laminated bandpass filter as in the case of Embodiment 
1, this embodiment provides a resonator with high Q. 

This makes it possible to design a low loss laminated 
bandpass filter required for an RF circuit section of 
a high frequency radio device such as a cellular phone. 
Furthermore, placing strip lines in parallel with each 
other produces electromagnetic coupling and thereby 
renders a capacitor between resonators unnecessary, 
which provides a low-profile laminated body. 

Embodiment 3 of the present invention has described 
an example of a bandpass filter in a four-stage 
configuration, but this configuration has the same 
effects with a bandpass filter in a configuration with 
five or more stages . 
(Embodiment 4) 

A laminated bandpass filter and manufacturing method 
thereof according to Embodiment 4 of the present invention 
will be explained with reference to the attached drawings 
below. 

FIG. 9 is an exploded perspective view of the 
laminated bandpass filter according to Embodiment 4 of 
the present invention. 

As shown in FIG. 9, the laminated bandpass filter 
of this embodiment consists of dielectric layer 901 to 
dielectric layer 907 laminated one atop another and the 



A O O S 9 O 23 . 080602 



- 34 - 

laminated body has dimensions of3.0mmx3.0mm and a 
height of 0.8 mm. 

Each dielectric layer is a dielectric sheet made 
of a crystal phase and glass phase having a specific 
inductive capacity e r = 7 , the crystal phase being made 
of Mg 2 Si0 4 and the glass phase being made of a Si-Ba-La-B-0 
base. A grounding electrode 908 , an input electrode 909 
and an output electrode 910 are formed on the sides of 
the laminated body. 

An internal grounding electrode 911 is placed on 
the dielectric layer 901 and connected to the grounding 
electrode 908. The dielectric layer 902 has capacitor 
electrodes 912 and 913 and the dielectric layers 903 and 
904 have strip lines 914 and 915. 

The dielectric layer 905 has capacitor electrodes 
916 and 917 and the dielectric layer 906 has capacitor 
electrodes 918 and 919. Furthermore, the capacitor 
electrode 918 is connected to the input electrode 909 
and the capacitor electrode 919 is connected to the output 
electrode 910. 

%^capacitor electrode 916 is connected to one end 
914a of thes^ELline 914 and the capacitor electrode 
912 via a via hole 920 ^&sLth e capacitor electrode 917 
is connected to one egfcl 915a of the^s^r^? line 915 and 
the capacitor electrode 913 via a via hole^&sL^ 
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Furthermore, the other end 914b of the strip line 
914 and the other end 915b of the strip line 915 are 
connected to the internal grounding electrode 911 via 
a via hole 922. 

Since the laminated bandpass filter configured as 
shown above operates in the same way as that of Embodiment 
1, explanations thereof are omitted. 

Here, the strip lines 914 and 915 formed on the 
dielectric layers 903 and 904 have the same length and 
width and placed on the same place in the lamination 
direction. This makes a mutual inductor Ml act between 
the LI and L2 . 

This makes it possible to omit a capacitor element 
between resonators which would be required for the 
conventional configuration and make the laminated body 
low profile. Furthermore, by changing the sizes of the 
capacitor electrodes 912 and 913 that form the capacitor 
C3 and C4 according to the frequency of the resonator, 
it is possible to provide a low loss laminated bandpass 
filter for various frequencies without changing the 
lengths and widths , etc. of the strip lines 914 and 915. 

As shown above , since Embodiment 4 makes it possible 
to construct a resonator with shorter strip lines than 
the conventional laminated bandpass filter, this 
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embodiment provides a resonator with high Q even with 
a dielectric material with low material Q. 

This makes it possible to design a laminated bandpass 
filter with insertion loss as low as 1.5 dB required for 
an RF circuit section of a high frequency radio device 
such as a cellular phone. Furthermore, placing strip 
lines in parallel with each other produces 
electromagnetic coupling and thereby renders a capacitor 
between resonators unnecessary, which provides a 
low-profile laminated body. 

Embodiment 4 of the present invention has described 
an example of a bandpass filter in a two-stage 
configuration, but this configuration has the same 
effects with a bandpass filter in a configuration with 
three or more stages . 
(Embodiment 5) 

A laminated bandpass filter and manufacturing method 
thereof according to Embodiment 5 of the present invention 
will be explained with reference to the attached drawings 
below . 

FIG. 10 is an exploded perspective view of the 
laminated bandpass filter according to Embodiment 5 of 
the present invention. 

As shown in FIG. 10, the laminated bandpass filter 
of this embodiment consists of dielectric layer 1001 to 
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dielectric layer 1006 laminated one atop another and each 
dielectric layer is a dielectric sheet made of a crystal 
phase and glass phase having a specific inductive capacity 
e r = 7 f the crystal phase being made of Mg 2 Si0 4 and the 
glass phase being made of a Si-Ba-La-B-0 base. 

Furthermore, as shown in FIG. 10, suppose the 
laminated bandpass filter of the present invention 
includes two laminated bandpass filters according to 
Embodiment 1 of the present invention explained in FIG. 
1 and the two bandpass filters have different passing 
bands . 

Here, the main functional correspondence between 
the components of the laminated bandpass filter shown 
in FIG. 1 and the components of the laminated bandpass 
filter shown in FIG. 10 will be explained using reference 
numerals shown in the respective drawings. 

That is , the dielectric layer 101 to dielectric layer 
106 in FIG. 1 correspond to the dielectric layer 1001 
to dielectric layer 1006 in FIG. 10, and the grounding 
electrode 107, input electrode 108 and output electrode 
109 in FIG. 1 correspond to the grounding electrode 1007 , 
input electrode 1008 and output electrode 1009 in FIG. 
10 respectively. 

Furthermore, the internal grounding electrode 110 
in FIG. 1 corresponds to the internal grounding electrode 
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1010 in FIG. 10. The capacitor electrodes 111 and 112 
in FIG. 1 correspond to the capacitor electrodes 1011 
and 1012 and the capacitor electrodes 1019 and 1020 in 
FIG. 10. The strip lines 113 and 114 in FIG. 1 correspond 
to the strip lines 1014 and 1015 and the strip lines 1022 
and 1021 in FIG. 10. 

Furthermore, the capacitor electrodes 115 and 116 
in FIG. 1 correspond to the capacitor electrodes 1015 
and 1016 and the capacitor electrodes 1024 and 1023 . The 
capacitor electrodes 117 and 118 in FIG. 1 correspond 
to the capacitor electrodes 1017 and 1018 and the capacitor 
electrodes 1026 and 1025 in FIG. 10. 

Since the laminated bandpass filter configured as 
shown above operates in the same way as that of Embodiment 
1, explanations thereof are omitted and only the 
differences will be explained. 

By including two laminated bandpass filters, 
Embodiment 5 of the present invention makes it possible 
to use the common internal grounding electrode 1010, and 
by placing the grounding electrode between the input and 
output electrodes, of the respective bandpass filters, 
this embodiment can secure sufficient isolation between 
the respective input and output electrodes. 

This allows mounting with a smaller area than 
conventional mounting of two laminated bandpass filters 
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and securing sufficient isolation allows one laminated 
body to include two bandpass filters while maintaining 
their respective characteristics. 

This Embodiment 5 of the present invention has 
described an example of a bandpass filter that uses 
different frequency bands as passing bands, but this 
configuration has the same effects with a bandpass filter 
that uses a same frequency band as a passing band. 

Furthermore, Embodiment 5 of the present invention 
has described a configuration example of including two 
bandpass filters, but this configuration has the same 
effects with three or more bandpass filters. 

Furthermore, FIG. 10 shows a configuration example 
of placing and including two bandpass filters in the plane 
direction, but this embodiment is not limited to such 
a configuration and placing the two bandpass filters in 
the lamination direction as shown in FIG. 11 can also 
obtain the same effect as described above. 

Here, the main functional correspondence between 
the components of- the laminated bandpass filter shown 
in FIG. 1 and the components of the laminated bandpass 
filter shown in FIG. 11 will be explained using reference 
numerals shown in the respective drawings. 

That is, the dielectric layer 101 to dielectric layer 
106 in FIG. 1 correspond to the dielectric layer 1105 
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to dielectric layer 1110 in FIG. 11 and the dielectric 
layer 101 to dielectric layer 105 in FIG. 1 correspond 
to the dielectric layer 1105 to dielectric layer 1101 
in FIG. 11 . That is , the dielectric layer 1105 is shared 
by the two bandpass filters shown in FIG. 11. 

Furthermore, the internal grounding electrode 110 
in FIG. 1 corresponds to the grounding electrode 1111 
in FIG. 11. The capacitor electrodes 111 and 112 in FIG. 
1 correspond to the capacitor electrodes 1112 and 1113 
and the capacitor electrodes 1124 and 1125 in FIG. 11. 
The strip lines 113 and 114 in FIG. 1 correspond to the 
strip lines 1114 and 1115 and the strip lines 1126 and 
1127 in FIG. 11. 

Furthermore, the capacitor electrodes 115 and 116 
in FIG. 1 correspond to the capacitor electrodes 1116 
and 1117 and capacitor electrodes 1128 and 1129 in FIG. 
11. The capacitor electrodes 117 and 118 in FIG. 1 
correspond to the capacitor electrodes 1118 and 1119 and 
capacitor electrodes 1130 and 1131 in FIG. 11. 

Furthermore, Embodiments 1 to 5 of the present 
invention have described examples of a dielectric sheet 
made of a crystal phase and glass phase having a specific 
inductive capacity e r = 7 , dielectric loss tan5=2 . 0 * 10~ 4 , 
but the same effect can be obtained even if a dielectric 
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sheet made of a crystal phase and glass phase having a 
specific inductive capacity £ r = 5 to 10 is used. 

Furthermore, Embodiments 1 to 5 of the present 
invention have described examples of a crystal phase of 
Mg 2 Si0 4 and glass phase of a Si-Ba-La-B-0 base, but the 
same effect can be obtained using also a crystal phase 
and a glass phase including at least one of Al 2 0 3 , MgO f 
Si0 3 and R0 a (however, R is at least one element selected 
from La, Ce , Pr, Nd, Sm and Gd and a is a numerical value 
determined stoichiometrically according to the valence 
of R) . 

Furthermore, Embodiments 1 to 5 of the present 
invention have described examples of a laminated body 
having dimensions of 3 . 0 mm x 3 . 0 mm and a height of 0 . 8 
mm, but the same effects can be obtained irrespective 
of the dimensions and height of the laminated body. 

Examples of the high frequency circuit of the present 
invention include balun , lowpass filter , high pass filter 
and coupler, etc. 

Furthermore, examples of the electronic parts of 
the present invention include semiconductor parts, SAW 
filters and chip parts, etc. 

As described above, the laminated bandpass filter 
of the present invention is a laminated body integrating 
a plurality of dielectric sheets laminated one atop 
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another, comprising an input electrode, output electrode 
and grounding electrode on the end face of the laminated 
body, an internal grounding electrode connected to the 
above-described grounding electrode, a plurality of 
capacitor electrodes and a plurality of strip lines in 
the inner layers, wherein the first and second capacitor 
electrodes are capacitatively coupled with the 
above-described internal grounding electrode and 
electrically connected to one end of the first and second 
strip lines respectively, the other ends of the first 
and second strip lines are electrically connected to the 
grounding electrode, the above-described plurality of 
capacitor electrodes and the above-described plurality 
of strip lines combined together form a bandpass filter, 
the above-described first and second strip lines are 
placed on a same dielectric sheet in a certain distance 
and thereby electromagnetically coupled within the same 
layer . 

Furthermore, the laminated bandpass filter of the 
present invention is a laminated body integrating a 
plurality of dielectric sheets laminated one atop another , 
comprising an input electrode, output electrode and 
grounding electrode on the end face of the laminated body , 
an internal grounding electrode connected to the 
above-described grounding electrode, a plurality of 
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capacitor electrodes and a plurality of strip lines in 
the inner layers, wherein the first and second capacitor 
electrodes are capacitatively coupled with the 
above-described internal grounding electrode and 
electrically connected to one end of the first and second 
strip lines respectively, the other ends of the first 
and second strip lines are electrically connected to the 
grounding electrode, the plurality of capacitor 
electrodes and the plurality of strip lines combined 
together form a bandpass filter, the above-described 
first strip line is placed on a first dielectric sheet 
and the above-described second strip line is placed on 
a second dielectric sheet and the second dielectric sheet 
is placed directly below the first dielectric sheet and 
thereby the first and second strip lines are 
electromagnetically coupled . 

Furthermore, the laminated bandpass filter of the 
p resen t invention is a laminated body integrating a 
plurality of dielectric sheets laminated one atop another , 
comprising an input electrode, output electrode and 
grounding electrode on the end face of the laminated body , 
an internal grounding electrode connected to the 
above-described grounding electrode, a plurality of 
capacitor electrodes and a plurality of strip lines in 
the inner layers, wherein the first to fourth capacitor 



- 44 - 



100B9BE3 .08060S 



electrodes are capacitatively coupled with the 
above-described internal grounding electrode and 
electrically connected to one end of the first to fourth 
strip lines respectively, the other ends of the first 
to fourth strip lines are electrically connected to the 
grounding electrode, the above-described plurality of 
capacitor electrodes and the plurality of strip lines 
combined together form a bandpass filter, the first and 
second strip lines are placed on a first dielectric sheet 
in a certain distance, the first and second strip lines 
are electromagnetically coupled within the same layer, 
the above-described third and fourth strip lines are 
placed in a certain distance on the second dielectric 
sheet, the third and fourth strip lines are 
electromagnetically coupled within the same layer, 
further the above-described second dielectric sheet is 
placed directly below the first dielectric sheet and the 
above-described first and third strip lines and the 
above-described second and fourth strip lines are 
electromagnetically coupled respectively. 
Industrial Applicability 

As described above, the present invention can omit 
a capacitance element between resonators which would be 
necessary for the conventional configuration and provide 
a smaller and low-profile laminated bandpass filter. 
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Mounting this laminated bandpass filter in an RF circuit 
of a high frequency radio device can contribute to 
miniaturization of the high frequency radio device. 

The present invention makes it possible to construct 
a resonator with shorter strip lines than the conventional 
structure, which allows high Q for the resonator and can 
provide a laminated bandpass filter with lower loss. 



